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by the f:orct ;11ie1 irlicrltory .41~;1Iys1s (f.lt\) progr;1113 of the Uni~ed Sr~ttes 
I-'~)re.;t Scn,icc ;ire well buiteil lor 51rcl1 evaluations. 'l-he I'lA progr;irn fo- 
cllscs on the collection, nr-talya~s. ;lntl distrlbtltion of ti;ltLi for :I core sel of 
vnriablcs ot?t;iined L I Y I I ? ~  a plot ct)nlig~~r;~tion, a sarnpliilg cloign, :mtl 
n ~ c ; ~ s u r e ~ ~ ~ c n t  psvtocols that all feature n;iliorlal consistency. f'lot, suh- 
plot. and  trcc-lc\.cl obscr\~;~tiui~s rnclutlo tr:tditior~;~I ~~ier~suriitiv~i;II 11x3- 

xurerrlerits slich a h  fo~r)>t ;rrea, tree speoes, di:iriicter, arid surv~v;rl ni~d a 
~ I I I I ~  of non-trce ~nr;l\ilrerrlcr~ts  elatet ti ro the he;llth of the lorest. t'Ii\ 

( J ;~ I ; I  arc recognized for thc~r  comylctcness. gcographlc coycr;igc, and ac- 
c e ~ s ~ b i l ~ t y  to ilscr via a uscr-fricntfly interface to ;I n~tron:!l database. 
'1-lir-cc cxarnj)le:, for three dit'fcrcnt regions of the iinrted Sl;ttes ~ilustratc 
the reIe\~;~t~ce and urrllty of H A  tl:lta f i ) r  eriv~roi~rr~enral ; l i d  ecological 
;i\scssrnenh in thc contcs~ of the Montre;iI Proce:,~. Several col~clusior~s 
irr;ty be clr-awn fr-on1 the examples: ( I )  for [he Southern rcglon. the toresr 
land base IS 5r;ltde. 2nd grou8irig stock voltrmc is ir~cl.e;~slcig; ( 2 )  for the 
hliil-Atlantic rcgort. coritribut~ons to carbon accu~nul;itiv~l arc lightly 
gre;ltcr th:tn t o r  htoragc, and xtoragc Incrcahcr: from 1io1~1i ro xoutli: allti 
( 3 )  for the Ccn~ral 1-1;rrelwoods region, trcc i p c c i ~ . ~  richne.;\ ir~crc;~scs 
from north to S U I I I ~  and Ikon1 wehi to cast ;~nd is s~ahlc or slightly incr-eas- 
irig. / , ~ I I I C  11, 1  O / > I C ~ , \  ~ z ~ ( ~ ~ l t ~ / d f ~ / o t  [ I ~ O ~ ~ ~ ~ J I I I  The, f/<1i$or111 /)oi.ttnrc317r [~t,ii1scr! 
.Tcn>il-r- 1-800-tI~2 I4'OKTif. E-i11riilor7'circ\~: < c f o r  t l ~ l ~ ~ r r y ( ' i ' l i o ~ t . o r r h ] ~ r ~ ~ ~  c-ern> 
IVrhsi/c. <Irirp - / / i t~~r\v .Htr~i~orih/ 'r~~~.~.corn> 0 200J hi 77ie Niir\oi rh P r t s s ,  /,I( 
/ I / /  lis~/1l.r l-c<f,l 1 (,ti 1 

'letter- 'Tltc cor~ct.pr of'f'osc\t \ustoinability or cuht;~inc.J h r e \ t  !icld i s  , 
ally artrihutcti to 18th 2nd 19th century Luropc;iti iorc\tci-s \vho wer-c 
cot\cthirreti that rriuc-11 (11- kur-ope was hcirrg rrlcfoi-c\lcd d11c to the iofe of 
wood in tlriving [hi t  Ft~r-ope;ii~ ccortcriny 111 1 1 1 0 ~ ~  ccbritcrrlc\. .l'otlny, ;I 

conij'lcr web of' ~ ~ ~ v i r o i i ~ ~ ~ ~ . r t t : ~ l ,  soci;ll, ;lrl~l e c o ~ i o i ~ i i c  irltei-iictions SUI.- 
r o ~ r i ~ c i ~  tllc coriccjlt ot' fosr\l <tlstairlsbility. I k f i r ~ ~ t i o l ~ s  ol' fort:\! sus- 
tain;it~iI~ty ge~lcsally iltcor-po~-;ttc r11rt.t. coirlpoilcnis. ( i ) ;I process tused 
on the integr.nrion of' cnvironrncntal. economic. ;in0 <oCi;ll principles; 
( 2 )  \~tticTaz~ic)n 01'pli.sent e ~ ~ v i s o r t r n e ~ ~ t a l ,  zct)noinic, ant1 sozi;ll needs; 
and (3) inainten;trlcc~ of' foiest re\oui-cc\ to ;r\\ure 111;1t ~ l i c  rlcccis of l'urrtrt: 
gc~lcr;itiorl\ ;we 1101 con~l~rorn iced  I)cvi\irtg, iinpieincr~tinrg, anti rcport- 



i11g ilre;iiurcs of forest sustain;ihility h ; ~ \ ~ e  been ;I! the forefront of 
stlstairial~ility issues in the late 20th ; ~ n d  early 21 st centuries. 

Folln\ving the 1992 RIO Earth Su~iiniit .  riationlil anti internation;tl 
programs involving more than 100 couritries were initiated with the oh-  
jectivcs of reachins comrnon untiersr;tnding on silstainable forest man- 
tlgcrnent, how to achieve i t ,  and how to measure progress toward i t .  
follow in^ this Summit ,  the Conference o n  Secllrity and Cooperation in 
Eu~.o ix  six)n\o~-cd arltf the Goverrlrnerit ot C';tn:rda rorrve~red :in inter-n;t- 
tional seminar on sustainability for boreal anti temperate forests i n  
blontreal in 1993. ?'he focus of the semina~- was tlevelopment of  a scien- 
tifically rrporous set of  criteria and iridicators for assessing forest man- 
;tgzniertr (Mortrreal Process 1998). A criterion is a category of  contiitions 
ctr processes by which sustainable forest management may be evaluateri 
and ic f t~r ther  ctiar;ictcrized by a set of indicators that are monitored pe- 
riodically to assess change. An indic;rtor is  a measurable ouantit;ttive or 
qualitative variable which. when observed over tirne. demonstrates 
trends. I;ollowin_e the ceminar, European countries initiated a regional 
effort, while 11011- European courltries lnurtched a selt;lr:ite initiative that 
ultimately Icd to what is known ;IS the Montreal I'rocess. After sever;tl 
~rlontlis of irifurrn:~l international nieetings in 1994. the latter initiative 
was iorrnalized ; I I I ~  renai~ted the Workirig C;~-ottp on Criteria and Indi- 
ciitors tor the Conservatioii and Sustainable Management of'l'emper-ate 
and Bor-eal 1-orests. Ifowever. the term. Montreal PI-ocess. is frequently 
i~setf to I.L?~C'I- to tlie Working (;roup. Oi'all ttle I'orext s~ist;ritlahility i n -  
tiatives. thc Montreal Process is geographically the largest, involving 
12 coiintrics oil five continents and accotlntirig for 00 pcrcent of' the 
worl t f~s tt:lnper-cite and boi.e;tl foi-esti; (I:orests of the f-'i~t~lre, 1990). 

Particip;lnts i n  tlie firi:il ~nce t ing  o i  the Workrng Group in Santiago, 
C'hilc. in 1095, documented the i'ollowing seven Mo~rtreal ['I-ocess Cri- 
teria (blontreal l'rocess, 1001): 

I .  ('oti.vi'r~.trtiot~ ctf'hiologic.ct1 t l i~~c~ t - . s i t~ :  I<ris~lre t l > : ~ t  cco<y\lcrn, \pc- 
c,it.s. and gerletic tli\,ersity are rriaint:iir~ctj. 

2 .  , % , I ~ J ; ~ ~ I ( J ~ ( I I I ( . ( >  ( ! t ' t h t~  p r o ~ l ~ ~ ~ ~ t ; ~ ~ ~  (.(~p(i( . i tv o f f o t . ( , \  r t,i.o.s\~\l~~n.s: 1<1i - 

sure thnr timber ant1 other t'ijre.;r resources are not being harvested 
uniust:iinahly from a gl\'en forest :1rt.:?. :t~i(i e n s ~ ~ r c  t h ~ t  one forest 
;~i-ca is rrot prc>vidirig s o  few 111-otlucts that iosttsrs ttl\e\;c.httrt. ~ r i u \ t  

tw o\ t rh~irvested to compt.nsattX. 
3. ,21~111iti~ncint.c of foro.st rc,o.s\..\tctiz lir'clltf~ ~rntl' i,ifizlir\': Enstrre that 

Core\ts tfo not lose their ability to 131-ovitie yootl\ ;inti services as :i 
corl\i.cluerice (11 Ileilig c x l ~ o x ~ l  1 1 1  praccs';ec ( e  g . fir', winti, floods) 



or agents (insects, disease) outsiilc the range of't1istoric;tl variii- 
lion. 

3. Cort.srn~i~tiorl citcri niuilltrnernc.t* ofzoil (2nd water rc.soiiri.rs: En- 
sure thc protective and proditctivc capahillties of fol.ests with re- 
spect to soil and water erosion. 

5. Mrrirr~<~ircinr.tr u f j o r t r ~ t  c-orrtrib~ition I,, xlol/cil c-riri/orr cpc.1r.s: For- 
ests car1 ternpornrily scques!er carbon as they grow and return car- 
bon to the ;~tn~osphcre as they rot or burn. 

6. il.lriiitte~lclnc.e ri11ri rnhu~rc-cinrnt of Ion,?-trrril t r~i~lt i j~le .5-oi.i0-(,(.0- 

rlornir hf~ncfirs 10 int>rt ~ h c  rreeels c!f'sociely: Ensure that k)rests 
provide social benefits such as employment. recreatior~ opportu- 
nities. culturiil and spiritual values and at the same time provide 
s~ tc f~  rcono~iiic beneflts as tiinherinon-ti~nher resources ant1 in- 
vestliicnt in the forest sector. 

7. I.cgiil. irrstitutionirl, clnd rcotzor i i i r~ , f rc im~~~~~o~-k , f i~ t - fc~r~~. t  c o n s a n 8 a -  
lion N I I ~  .str.rl(rit?clh/e rir~lilc~g~n~c~/it: Sustrtin;rble forest rnan;tFo- 
~ i i c~ i t  is contingent upon the existence of rational social agreements 
that prornote itrid protect rrsponsiblc management. public awiir-o- 
ncss, property rights, and o t t ~ r  socio-culttrrnl functions. 

Although there is general conrcnsus regartling the Montreal Process 
(-riteria. dcvelopinerit of ;I rohu5t set of intlicators has been ~rlol-e riiff'i- 
cult tiuc to v;rriations arnong i'orc\ts and vari;ttions iimorig ;~ppro;iches 
Ic) e c ( ~ i y \ I e n ~  ~ii;ln;igciilent. 

klontreill f'roce\s ;lsseisment\ rely on the premice that Indic~ttors a1.e 
bs\ed o n  rnctr~cs t11;it can be ~rionitvrctl for. trcrtd iind that st:~ti\tical esti- 
mates of tscnds and tcsls of hypothcscs rcgardi~ig ttie trc~tds miry be 
I J \ ; ~ ( !  to rniike scielltilic statements regartling Criteria. Thus, hlontreal 
Pi-ocesj asseccil~cnts focus o n  rnu~litoi-in;? forcst resources vii) rneiisLire- 
rnents of Ir~iticators so that trentls may be dctectcd and ctirllntcd and  
their potential 01- j.trobilble causes 1i1;1y be exl?l:iit~etf. I>;tta collected by 
the Forc\t In\erltoi-y arid Xr~nly\is (F'lA) proglalll oftlle linitetl Stat~:s 
t-ore5t Sc.r\,ict. ill-e well suitcti ti)r c~~viroiirrient:~~ arid ecologic;~l ashe\\- 
rnclits cuzh :I\ thosc nri\iilg froin thc ~~loritreill I'roccss. 'l'tic cornplctc- 
ttccj. conhisteiicy, ; l i d  gcograplilical c.o~cr9ge ol'this dilt;~ ;t~id its t0re';t-. 
pi()\-,  :u-iti tree-icvel scales provitle the basic ii>fonn;ition for :tsse<r- 
nlcntr of 1n:111\' Montreitl Process (.:riter.i;i illeport o f  [tic [Jnitcd States. 
1907). '1'0 ~liusrr;itt thc utility of F I A  data lor- thche r\\\css~r~cnts. a n  
uverview o f l l ~ e  f3:2 progrit111 iiritl \evrr.irl of i t \  relevant Se;itures i \  pio- 
vidcd arlci is t'oilowed by threc iilustrarivc ex:tirrplcs of how [he datit 
may be user\ for Montreal I'ruccs\ assessnlcnt.;. 



'fhe F1,4 pr-ogran~ c o n d u c r  illver~tories o f t h e  n;rtion's f-ores 1;intf to 
detct-mine its extent, condition. a n d  the volume <)!'standing timber. till]- 
her srowth,  anif timber depletions. Altt~ough tile primary purpose of 
(--I), c!:lta is to es t i~na te  and repol-t tlic currcnt status of forcst resources. 
tile ~i31;t is irlcrcasingly viewcd as  useful and ;ij)prc)j)ri;lte for ii v:iriety of 
oth~:r an;ilyscc. Howevcr. the urility of F;iA data and the confidence with 
wtlicti researchc.rs. land Iii;lri;\gcrs, ; ~ n t J  clecision-makers are willing to 
llse i t  Jcj)enJ 011 their hnul iar i ty  with and acceptance of the underlying 
ohjcctives of the program and tile n~e thods  by which those objectives 
are achieved. Thus,  for purpo\es of creating greater awareness of the 
lrtility of f:IA data for fol-est su\tainahility artalyses, ~ e v e r a i  salient f'ea- 
ttlr-es o f  the prc>gr:lm are discussed ftir-{her. 

Rcccnt r-evisions of rlie national FlA program have zmphasizetl nil- 
tional consisterlcy viii ii e r  of' f ' i ~ i .  ot)jectives 01- Ends: 

Elid 1 :  to conciuct field invcntorie5 of :ill forested lan(ls: 

End 2:  to corhistcntly ~nciistlre a core \el of v;lr-irtblz t l i ; t t  I~;i\,e 
r~:itionally c o n s i s t ~ ~ ~ t t  rnc:~nir~gs: 

[:~ltJ 3 .  to protlucc n ;~ t io~r ;~ l ly  coil\i\terir esrirrrales wf~ich  s;ltisf'y 
n;ltion;ii prcci\iorl standards; 

Ent l  4: to co~ts i i t e i~ t ly  report :tni! tli\tribrite d:ltn and estirriates 311- 
1llr~llly; 

f :ntl 5 :  to Soste~.arlcl cnh;irlci. cl-ecJihility with u\crs and strtkeholders. 

'I'ci ;\\\use that the five f k d c  ai-e aciiicveci, the t;lA i\)rogr:iiti has prc- 
c r  )beti eigtit ~ n e t t ~ o d s  o r  L\'ay\. 

h ' a y  1 :  3 11ati011;il field 11i;l1iua1 t t t ;~ t  pr~ 'cr i t )es  ~lieasur'ernerit pro- 
cecitrrc\ allit protocol\ for a core \ct c t t  v;iri;ibles: 

Way 2: ;I nntion;tlly co~l\istciit  plot corifigurntion ; i ~ i t l  ~;tmplirig 
clcsigr~: 

\tl:iy 3: n;ttionally \tand;~idi/cd forl~iulatt for sample-bascd cstirna- 
tors: 



\bay 4 data releasctl , ~ t  prc\crrhed ~nterval \ ;  

W;ty 5 :  a ~l;~tioilal d;tt~tb:~se of  Fli4 dittit with core st;~iid;isds and 
user-friendly p~tbl ic  ; I C C ~ S S ;  

Way 6 ,I nntronal ~nformatron rn,inngement System (NIMS); 

L%"ly X docurlicntntiori ,lricl p~,er  re\ icw ot the technical a\pcc.t\ ot 
llic p i o g r ~ ~ n  

Tf~us .  the I'lA progl-an1 collect\. processes, reports, stores. atid dis- 
t~. ibt~tes  tfata f o r  311 t o s c t c d  land\ 111 the natiorl :it regular intervals. The  
da t~ t  hatisfy rlntional st:tndards for ct)n.;istency, meitsurement errors, and 
precision. r4s 3 1ne;inS of ftlrtht'r dr3scrihing the iltility of  the data for 
trsei--defined analyses, three l'e;~tr~rcs of tllc national progr;trn are ilis-- 
cttsse~i: ( I)  the nationnl plot cor~l ' ig~~rat ion and sampling design, ( 2 )  the 
three phases of  the prc)gra1~1. ;1r1d (3 1 the I ~ C ; ~ I I S  01' accessing the data. 

-1'he national FliZ plot consists o f  four 7.3 1-rn rzrdius circular sub- 
plots. 'l'llc cut~plotc are conligttrcd :IS a central subplot and three periph- 
er-:ti s t~bplots  with ce~ltc,r\ locatcd ;it 36.58 rn anti azimurhs of0" .  120°, 
;tnd 2.10" fr.orn the ccnter of the central siil7i)lot. The plot corifipurrltion 
ini~l t rd '~ ~i l ia l lcs  coiily)o~~criis l i ) r  sa~iiytli~lg other 1)reht actr-rbtite\ s\tcti 
;is srnall trees. non-woody vcgi:t:ltior~. <!own woody debris, soil:,, and 
\ cgetatioii cfiver\ity ; I I I ~  ~ t s t t c t u r ~ .  

p l ' t ~ s  n:itional srl~rlj>ling CIc>ig-~> W;I\  dei.i\ud fro111 the worlrfwide u r n -  
piing array devclopetl b y  the L .S .  Envit.on~nenr:iI l'rotection Agency ;IS 

p:trt of the iinviroi~incntaI hlonitoring iind A~secsinent I'rogsam (EMAS') 
(I?S-f:l';i. 1097; \'i'hitc u t  ; r l  1092). Ir1iti;llly. the rratiort W ; I ~  divldctl 
irito ;ti1 iir-r;ty o f ; ~ p p r o x i r l , ; ~ t e l  05, 000-11:t hexagon\ which forlncrl t l ~  
b;i.;i< f'or [tic f - .orc~ I-icalth 2nd Moniior-~ng (1:IIbl) progsarn snrrlpiing 
iIc\igii ( O \ e ~ - t o ~ l  ct : ) I . ,  1090). I his array w;is used as  a franlework for. 
gcr1cr;ltrng \iii:rllcr t-1.A Ircuago~ts, each oL' which contains approxi- 
rrt;ttely 2.  -100 h:r. The !'I:̂ \ 5;inlpling dc\ign was estriblistretj by selectinp 
:) pcrlna~.rcnt plot in eacli I , I ; l  hexiigon (Brand et  nl.. 2000). Thi? lairer 
;tlr-ay of plots i x  (fcsign;i[cd the ftcJu~;lI t)35e !,;tliiple ;ind is consi(1ered to  
be ;III cqu;~i pr-ohability sainplc. '1-hus. the t:IA sarnpliiig desisrt is na- 
tioniilly consisterlt, pro\,ide\ systcrriatic coverrige of all lands. and  is 



fully inte~ratect with the FIlkl s;~~ripling desigrl. The f tfer;~l base sam- 
ple was systcniiitic;tily tfivicletj into five intei.penetrdtirrg. non-overlap- 
pill: p;i11els. P;tnels are .;cIecretf tor rlie;~surcrrtent on a rotating basis 
with targets ofone parlei per ycnr-in the eastel-n U.S. 2nd one 50-percent 
sub-panel per yc;ir in thc wcstcl-n U.S. 

Tlie I'IX progranl acconlpiixhcs its objectives i l l  three phases. Phase 
I entails the use of remotely sensed rJ;tta to obtain initial cl;issitications 
of larltl cover and to str-;itllj land area in the population of interest with 
the objective of increasing the precision of estimates. Phase 2 entails 
field crew visits to the physical locations of ycrmarlellt tield plots deter- 
mined in l'hase 1 to includc accessible forest land. For each tree, field 
crews record a variety of' observations and measurements including 
q)ccies, li\:e/deucl 5t;ltu.;. le:in. tii:lrricter. tieight, crttmrl r;~tio (percent of 
trce height reprcset~tcd by crur&n): crown class (e.8.. dctnilnant, co-dorn- 
iri;int, suppressed), danlage. ailti decay slatus. Subplot-level observa- 
tions i~lclutfe owrrer\hip. ln~itl cover. forest type, st;rntl origin, stancl age, 
\land size, site productivity, forest disttlrbance history. dope, aspect, 
physiographic class. and 1;irirf use. inventory speci;ilists i~sc  field crew 
rrie;istrl.eitielits to C ; I I C U I : I I C  V L I I U C S  for ntlditional variables incl~itlitlg in- 
dividual tree volurrie nnci per un i t  area estimates of nurnber o f  trees, vol- 
ume, and bloii~ass by subplot, by hpecies groups, kind by liveldend 
status. 

'l'hi. t l l i l - c l  pli;i\c 01' Ihc k1.A progi-;iin I 'oct~sc on Sore\t hc~;~ltIl. t 'Ii ;~\u 3 
is ;~tJ~nini\tcred covpcr:~tively by thc IZ1/2 progr;irrt, other Forest Se~vice  
programs. other fedcrai :tgcncie.;, stctte nntural resource agcnc1t.s. anti 
~lniversitier :irlti  is p ; ~ r t i ; ~ I ~  ir~~eys;~tetl wit11 the F f l M  progr;lrn. Thc 
FIIM progr:tnt consists of foul- interr-elated and cornplerncnta~y activi- 
ties: Detcc~iorr .Ilonitor~ng, Ev;~luatioil hlonitoring, Jtltcnsivc Site Eco- 
iysti:n~ hloni\viing. ;in0 Kc\c~;irch or1 h.lo~~itorirrg 'I'echr~iqt~cc. Ile(cction 
Monitoring coil\ists of sy$tc~n;~tic aerial and gr-or~rltf rlrveyq tiesigrlcd 
to collect ba\eline i~~Ibrrii:~tion on the currcnt condition of ft~rest ecosyc- 
teinc a n d  to dc~cct c11;11lyes f1011l thoce baselines over tirne. Evaluation 
hilonitoring stud~es examirlc thc extet,t, severity. anti prohablc cauws of 
chal l~cs  in fi!rzst hcaltti icl~:~l~il'ied tt~rough the Detection Monitoring 
qLrrLeyS. 'I he I ~ l f e r ~ s l ~ e  Site I < C O S ~ S ~ C ' I I I  h.lolliioring prctyrani conducts 
te\e;~rch into r e g ~ o r ~ ; ~ l ~  iprcif'ic t:cological processes at a rrctwork o f  
sites located in ~.t.prcscnr:iti~e forested ecosystems. Finally, Resc;rrch 
on hlonitoiillg I ' t~ch~~ic~iles f 'ocu\c on developing arltf ret'inirig indic;itor 



nieasurcrncnts to improve (he eificielicy and reli~ibility of data collec- 
tion ; ~ n d  nrl:rlysis at 211 levels of thc pr.ugrarn. 

T h e  grctuntl survey portion of the FtiM I_)ctection Monitoring pro- 
gram was integrated with the FIA progritrn ;is Ph:lse 3 in 1999. The 
Phase 3 santplc consists of  a I :  16 subset of the i'hase 3, plots with one 
Phasct 3 plot for ~ r p p r ~ ~ x i ~ ~ i ~ t t c l y  cver-y 38, -150 hir. I'ltasc 3 rricasurcmcnts 
are obtained by tield cre\vs dut-ing the gi.owir~g season and ~ n c l u d c  an 
estenrled suite of ecologic~il ciatit: liclierr diver-sity and abundance, soil 
qualrty (erosion, cornpirction. and chemistry), veget ;~t ioi~ diversity ; ~ n d  
structure, ;inti clown ~ / o o d >  nraterial. The i~icidence atid severity of 
o m n e  injury for selcctetl int1ic;ttor specie5 are ;tlso monitored as part of 
an associated sampling scheme. Because each Phase 3 plot is also a 
Phase 2 plot, the entire suite of Phase 2 riieusurernertls is a l w  collecteci 
on each Phase 3. 

The  Phahe 3 suite of variables W;IS selected to monitor long-term 
trends in  forest heitltlt using v~iriables closely related to indicator bari- 
able\ pi-opost'd by the Montreal . 0hser.vations of 'an intlicatol- vari;lble 
represent an  index of tcosy\rcm functions that can be monitored ovcr 
time to assess trctids. Inclicatoi- variables arc: useti i n  conjunction with 
each other, I'h;~\ct 2 d:rr;r, data froin F l iM Evn1u:ition Moiiitoring stud- 
ies, and ancillary data to irdtlress ecological issues such as vegetation di- 
\,el-sity, f r~el  Io3tjilig. rcgior);~l ;ti!. qu;tlity gradients, and carbon stor:Jge. 
'The I'hast: 3 and I'hasc 3 data o f t h c  1-IA prt)g~-arn serve as  the nation's 
erlvi~.un~rrcr~t;~I ri:porr c~:~rtl arid ;ti-e a priin;lry .source ofrel)oi-ting d:lt;r f01. 
the hlontl-cal l'roce\s CI-itcri:~. 

The Nation;~l lnforrriatioit , \ l ;rn;~~ernent Systern (NIMS)  is crucial to 
ttie succc\c of thc FIiZ Proyram and h:ic two  primary f~inctions, dirta 
storilge ;~rlil datit ~~socc.\sing (USI)I\-FS, 1000; 2002). NIMS tias heen 
dcsigrlccl to ;rccoirtinodalt: in ;i rr;ttion;tlly consistent ri-uinncr I'hase I ,  
Ptiace 2, I'ha\c 3. iriitf ((uality assurance data and t o  p~.oviilz user-friendly 
~ c c c \ s  to F1A data. C'u.tvi~~ t;thle\ ; i ~ i c i  rrr;lps ttvhzd or1 1- I / \  d;it;t itlay be 
ohtained using the Fvrcst 1ili.cntor-y Mai~rrtaker Web application (Miles. 
2001 ) ;tvi~il;~hlc u1~11nc ;I[ I I ~ I ~ I . / / U ~ ~ ~ L ~ . I I Z I ~ ~ . ~ ~ S . ~ ~ ~ . U ~ / ~ ~ S O  1/ti;1clhiti1clex.hli11. 
blirprnaker rccluiscs iii l~pll;  t h a t  uscrs sclcct ;I gcograpliic 01- polit~cnl 
:Ire;) of intzl.c\t, all i~tlrihute o f  i i l t e r~ . t  ( e . ~ . ,  fore51 I;irrtl iire;i, rruntI)er of 
lrees), and i:~blc cl;t\sl~-ication variables for page, column, arlcl row 
heiltfings. 



The relevance and utility of FIA data for Montreal Process asscss- 
rneirts i.; illt~str;~tetJ sin three examples, each for a different region of the 
linitcti St:~tcs. ?'he fir-st arralysic uses FIA cox-c p1.ogr;lnl forest ;ire2 ;~ntf 
v ~ l u m c  ectimates to acses'i sust;ii~lability with respect to trends in forest 
area, distribution of fi.>rcst area hy forest type, 1:rnti L I S ~ .  and growing 
stock volulne for the Svt~therr~ regiorl ot'the llnitecl States. The secctnd 
and third analyses i i l~~str:~te how FIA plot- ant] tree-level data srray be 
usetf to i1dd1.e~~ Moritreal Proce\s Criteria that are not part of the core 
FIA reporting prograrn. 'I'l~e second analysis i~ddresces trends in bio- 
Inass, cubon,  ;tnd rret prirnary protiuctivity for the Mid-Atlz~ntic region, 
while rhe third addresses the effects of forest disiusbance on tree species 
diversity using FIA d:~ta for the Central tfartlwoods region. 

Forest Aren, Species Cotnyositior~, and Volrtnze 
in the Sor~thern Region 

Ittt~.o(/ii~*iior~ -.l'rencls i n  forot  area serve as an rntlic;rtor for asse.;sing 
Montreal I'rocccs Cr-itcriorr 1, Cor~serv;ttion of bio<livcr,ity. whilc changes 
in volurnc over tiltlc may be uceci to :issess Crircrioll 2 ,  Maintenance of 
prrtductivc cal):tcity. 7 'hc  FIA program I-outirlcly ~ -c l )o~ t s  tl\(~mnles of 
both f'orect area ;rnd volilsne as part of its core prograrn. As previously 
di'icus~cd. thc 1:1;1 i?rogi-;lrn uses a pnnci-1,:1\ccl wrnpling design in 
which c;iclr plot i \  I - C I T I C ; I \ L I ~ C ~  :I[ rcgl11;ir ~nk . r \~ ;~ l i  10 ~r;rcL. ch:\nges a t  the 
plot and tree Icvcls. IFrolil consect~tivc plot- ; ~ r ~ d  tree-le~cl me;rsurc- 
rncrlis, ch;irige.; i n  grouncl Inrid u ~ .  l'ose\t type, gro\vth, mortality ant1 
re~t~ov;ils ;ire e\timatctl. 

iClr~l~r)ri.r-~l'~r.r\l rnanogcrnent type, ~Ji~tlrsiuns ;lnd atiditions of for.est 
1;lntl. ;tnd growing-{tuck \oltirnc of'forcsts were estirnatcd for 13 south- 
ern  st;ttes (Figlire I ) I I \ I I I$  f.111 plot ~ J ; I I ; I  collectcti sirlcc 1051. I-:ctinr:ites 
for for-cst 1;intl Ji\c~-sioris ; ~ i ~ i  iidditiolrh do not include the Stittc of Ken- 
tucky ijuc to the ia<k of consistcrlc)i In  specific non-fo~.cst land use 
codes. Spcciilc tlciinitions are usctl for. the ii)rc\t ~r~;inagcrnent type 
classes: 



Natr~r;ll pine: St;tnd\ that have llot been artificially regeneratetl, are 
. . ,15xeci ;is 3 pine or other c<tf'rwood type, and have at least 10 per- 

cent stocking. 
C);tk-pine: St;~ntls th;it have at least I U  percent htocking of which 
hardwoods (usually uplantl oaks) constitute :i plurality of' the 
stocking but irr which pines account lor 25 to 50 percent of the 
stocking. 
Uplarr(! hrirdwooci: St;irids thrtt h:rve at least 10 percent sfockiltg 
a n d  ;ire classed as oak-hicI;o~-y or maple-beech-birch f'orcst type. 
[ , ~ ~ v l i l ~ l ( J  hardwood: Sta~rds thal have :tt 1e;lst 10 percerrt stocking 
with ;\ forest type uf oak-gum-cypress, elm-ash-cottonwood, or 
other tropical species. 

E.;tirnates of divci-sionc of forest larlti to agr-iculture and 111-ban 1;lntJ 

uccs. anti  :~dditions to forest land fro111 agriculture and urban land uses 
werc obtained using the land use change inforrn;ltiori collected st each 
F1A plot siricc 1968. 

Grorvirlg-stock volurrle is defined 3.; the volurne ( n i l )  o f  souncl wootl 
in growing-<tocl; trccs at least 12.7 crtl diarnetcr ;tt br-enxt height (1.37 m 

FIGURE 1 .  Montreal Process assessment study areas 

Soulherci loresl sus!ainab,lrty study 

r-2 Mid-Atlarit~c- forest boonlass study 

North Ct'nlral lore\! blod~vcrs~ty sludy 



;ibove gr~ i i r td )  St-om a 0.30-m stuiny to a 1-1-riniinurn 10.2 citi cfia1-nctt.r 
c>iithide b; t~k top of the central \tern. Species \pecific voll~rnt: rnotlelc 
wcr-c ucecl io c ~ t i i n a t e  incfiviJtia1 tree growing-stock volii~ne. The val- 
urtte rnot lcl  :ire based o n  estirn;ited relationship5 betweell volurne :lnd 
di;~meter ;tr breast height aitd tut:11 height. 7'otal volurne per plot was t's- 
ti~ncitcd by addit>: volumes for a11 \ail-tpiecl plot Irces, and population 
L O ~ I J ~ I \ C  tot;~Is for volunw were oht:iinecl fr-oil> plot vo111mes ~rsiny strati- 
fied e\tiniation procedures. 

Re.5lrlr.s--Change in forest ;iiea has heert estinizticd iri the Sotitiler-n re- 
gion sirlee the 1930s usirtg FIA data. For this region, forest area h;is 
hcen relatii:ely s t~tble  with estimates of 88 million ha in 1982. 85 111il- 
lion ha i t )  i\)O2, and 83 inillion h a  culrently (Conrler arid Ha-tsell, 2002). 
As ;I subset of  [he bro;tJ category of Surest land, FlA defines tiinherland 
;is 1;1111I c;tp;rble oSprotItici11g vvlun-te of 1 .4 1113/ha annually but exclucies 
I;~rtcis such as  wilifc~~ness arras  that are not eligible for tiinber harvest- 
tng. Appr-oxiittatcly 9 3  percent of the Souther-n region' Sol-est land i \  
clas\ificd a \  tilnhcr1;lnd. ;titd ;irc;r esr i~nates  have bcen rt.lati\lely stable 
~ v i t t i  SO ittillion h;i in 1982 and 81 ~ n i l l i o i ~  ha currently. 

/ I l t h o ~ ~ g h  fi7rcst 1;irrtl ; i r t t l  tirtlt~erl;~ntf areas I~ii\fe been 1.~1;ltively st;i- 
blc. there h:rs been considerable ct~ai-tgt" in the relative proporttons of 
 sores^ 1;11rtl t)y ilre five hrci;ttj Southerrl Soresi Irian:>gcllleltr rylws (Figtrre 2). 
ii\timatc.; of the ;ire2 of natur;~l pine have tlcclincd froin 29 million tla in 
1C)53 t o  1.1 nrilliorl I>;! irr 1909. ~ h i l e  estimates o f  the area ot'pl;trtr:~iio~~ 
pine have incri.;t\ed t'r-om 0 .8  inillion io  13 inillion ha ovcr tttc saine pe- 
~riod. T I ~ c \ c  cl i i~r~y,~>\  ;II.C ;ittrit)~ltcd to ii co~nhi r l i~ t io~i  of Sore~t  ucces \ io i l  
:~rrci torest ni;li~:tgcmt.~~t. FIA estirnatcs from the I9XOs ; ~ n d  1990s indi- 
c;tk. 28 pt~rct'nt ( I  ..? niillion hi]) of ncu. pine pl:intatio~ls were formerly 
ii;rtur.:il pirie stand\: J7 pix~.cettt (2.3 rnillion ha) were torr~wrly hardwood 
anil oak-pirit. .;rar~tl\: ;ind 15 peicent ( 1.2 rniliion hit) were formerly agri- 
cttltu~al larttls. I)url~tg this \arrlc period. 3.7 rnilliou acres o f t ~ a t u r ; ~ l  pirte 
\\<re converted to hard\cooii iind ~iatural oak-pine as  the result ot 'natu- 
rill \ t ~ c c c \ \ i o ~ t  t o  r l ~ o r t  \ f~ ; i ( J t  tole1-;1111 \pccie\ sirch as oaks and hickories 
or a \  the 1.c\t111 ofpi11i' Iral-vest. 1-1A cstim;rtes indieale th;it ~vtiile pl;lnt:~- 
tior? j l t ~ ~ t -  ; l ccor l i~ t \  for <>i\ly 1 :! prrccnt of the south err^ r-egiori':, rotol 
El-OM ill! 5toc.k volume. i t  contributes 43 percent of the soi'iwood lie1 211- 

i i ~ i : i l  g r o u  111 ;tn(l 3.5 I ) ~ I - ~ L % I ~ I  of'iiit1it1:11 \oSt~voo(i rc~t~ov:i l \ .  '1-he arc:) 
piric plitr~r;~rio~is i \  Soreca~t ro ~-ix by 67 percent from 13 million Ita in 
1000 to aplxo, \ i~n,~tcly 2 1  inilliort ha by 2040 (Wear ;~rld GI-cis 2002). 
hlotlcl-haictl fnrec:t\ts iMt117.;t)l, 2001) pi-edict that non-plantctf torest 
i p r \  u i l l  dcclir~e I 7  p c r - c ~ f ~ t  o r  I0 ~ n i l l i o t ~  11;) betwcc.~~ 1995 and 2050,  



FIGURE 4 Soothern forest land add~tions and diversions 
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\vc.\tc.~-n p3r.t 0 1 ' 1 1 1 ~  regiorl. Although tirnbcr prociuclion is torec;ist to ex- 
pand. o \ .~ i - i~ l l  forcst resources arc not predicted to f : \ I 1  bclow current lev- 
~ ~ 1 s .  ;I cot1tir111;ltion of' recent hi\tol-ical tr.erltfc. ( h e r  tlli: last 5 0  years, 
growii)g-itocL \,olurnc ti)r the Sotrthern rcgion increased by 73 percent 
(I'igr~rc 5 ) .  ' l l ~ t .  l)iiln;l~y ccolog~cal  c-h;ll~gr irt Soutt>er~-, t.orcsts I S  e x -  
pccft'cf 1 0  O C ~ L I I .  n\ n rc\clIt o f e x p s ~ ~ t l i n g  prl,e pl i t t~tal~or~c arid tjiversictn 
o t ' i ign i i i i a~ l t  portions of r ~ : ~ t ~ r l - ; i ~ I  torssts tu urbitn lanil I tw .  

111 :idtfr-c\iing hfor~tl-cal 1'1-aces\ (:t.itcr~or~ I .  ('t>r~set-vation 01. hiologi- 
i i 1 1  ~Irvi:l.\ity. IIC)IIL' o S I ~ ~ C :  five n7;ljor thrcst I ~ ; I I ~ ; ~ ~ C I I I C ~ I  types ' 1 I L  . *  'it . risk 
of being i m t  froltr the currcrlr rnis Sounil throughout the Soutltcrn rc- 
:_.ion f [ o v , c ~ r r .  ~f ~j~e1111cs 111 : I I C ~ I  01' cer-~iiir~ f o ~ t ~ , t  1ypc5 (c ,g .  11:1t11r;il 
p in t )  cot11111~1e. lllcrl 1101 01lly will 11-ce 2nd ;~ssociatccf plant specie> be :it 
r i i h .  b ~ t  will ~ I I I ~ I R ; ~ ~  specici, dc.pCndcnt on the asiociared h;tbit;its. 

' i ' l~c poter~tial loss of tlatt~r,rl pine point5 to the rlcecl foi- ilnpruvcd 
Inc;~\[lrcrrletlf 01 biological cl~\.i!riity. C~11-l.erlt rnonitorir~g cmphaci/.cs 
tree\, bei,;luw ; I ( I L . O C ; I ~ C S  01' wi\e ~ I ~ I - C S I  ~ t \ ; i i l a ~ r l ~ \ c ~ l t  h;~ve had :t lorlg- 



FIGURE 5. Volume of Southern forest lands. 

s!;intling 1;irld use perspective. Monitoring pr-ogl.ams should be cn- 
I~a~lcc t i  LO survcy important pl;ints ;ind a111r11nls that ar-e rjot currently 
n~onitored.  rare species, ant1 spuciallred habitats. Such cnhanccrnent.; 
\ L I I I  f;tciiiti~tc. ~ ,~oni to r ing  o f  crucial colnponent.; o f  forest ecc~systerns 
;rricl  p 1 - 0 ~  itlc early ~varr~irlg olpr.i)hlt.n~s. For oxi~mple, (11reitionc ~)er-t:titi- 
ing lo the iufficierlcy of pl;llrtation pine hubit;its for mnintaini~lg viable 
popul;~tions of pian[s and anirn:il\ C I I ~ I - ~ I I ~ I ~  u t i l i~ ing  r~i tural  pine forest 
habit;~~.; cotrld be ad(11-csseci. 

Growin: stock VO\ \ I I IK  ndtlrcsics Ilontreal I+.oce\s Criterion 2, blain- 
tcnancc of procl~rcti\e ciipacity. II\cn (ho~igh  the Soutt~crn regic)n now 
strpl~lie\ h i  prrccrtt of i ~ l i  r c r~~ov; r l \  for t f r t '  \ initetf Statec, growing ~ t o c h  
~ o l u n ~  contirlties to irlcrcase iri the rcgion. One ~i iethod of increas~ng  
p r o t f ~ c t i ~ i l y  wit11 incrcacctl huric.\ting 131-c.;suru and potential rc(ftlc- 
t ~ o n s  in ttlc avail;iblc f'orcs~ land hasc IS rhrotrgh pInr>tations. As illtri- 
rr~rtctl lor. C'r-itcl.io11 I ,  .;tlch 11-cntf to\li.;~ril plant;~tions h i t s  occurred in 
the Soi~thcrr1 rcgit~ir. 

Ir~rioil~/( riort--~MontreaI I'rocess Critcl-ion 2 ,  lvlaintenance of pr-oduc- 
t i w  c;~j>ar.rty ot i'ore\t rco\yitvitr\ .  ltrrtl  ( ' r i ic i~on 5. i\.lari~tenancc. of for- 



cst coritributiorl to glohal c;li hon cycles. rnay be readily assessed ~isirig 
1;I.A data. Productive c;rp:lciry rn;ly be assejsed via net primary produc- 
tivtty (NPP), defined as  protluctictn of organtc matter by vegetation per 
uiiit ; I IC; I  per year. Exj~rescirig prowth in biornass units yieltfs a n  csti- 
m;ite of net primary prod~ictivity (NI'I') for the arboreal coniponent of 
the fiti.est ('l';iblc I ) .  Cu1-1-eilt hiorri:~ss atlove and below gso t~nd  per unit 
area provides 21 rnore colnpletc ev;il~iation o f  threst stocks :tnd fluxec 
than ~nerchantable  voiurnc and provides estimates of carbon contrlbu- 
tioiir. (:oilvertirly I ) i o r r r : t \  ro caibon itllows carbon pools to he esti- 
r~i;ited by forest type, age. :lrid other attributes. 

i<valu:~tion ol'Criterion 2 rcquises ;I measure of  forest ecocystein pro- 
d ~ ~ c t i o n .  Existing indicators tor this Criterion riddress :\rea of forest 
land. ~nerchantable  inventory volume, and removals fo r  ttrnber arid 
norl-tiiriber products. Cor~\ i t lcr ;~ble effort has been expended on devei- 
oping n-leasures that quantify productive cap;lclty and pennit statistical 
hypotltesis testing of compar.isorl5 hetweerl existirig productivity and ;I 

reference level. S c h ~ n ~ d t  (1099) conrp:~red r c a l i ~ e d  pruductivity using 
FIA bite productivity d;~t;l to potenti;11 j~rotluctivity obtained using rnotl- 
c,ls of production at the cul~nin:itiorr ot mean annual increment. 'l'his ap- 
~ x o : ~ t i ,  which asscssccl production of the cornrnerc~al volume of wood, 
M,;IS c ~ l e ~ i d e d  for this \ttrcIy t)y corrljxirtris FIA piot-ba<ed estirn;~tes of  
total forect procluctiorl az Ocscribctl by the NI'l' of the arboreal compo- 

TABLE 1 Biomass and annual nP1 primary productivity est~rnates developed 
frorn FIA t i , ~ t d  for 11-IP <,cvc1n s t , i ! ~  r?id Atl,iritic r~giori * 

Forest type group No picils Total lrce biomass Net prlmniy producl~vi!y 
(my 'ha) (g/m7/yr) 
- -~~ . - ~ 

M ~ z r  S D Mearr SD 
. ~ 

2011 8 59  8 bc 8 6 8 9  1 0 3 O d  

Flrrt-Asl>-Cottonwoud 59 223 6 67 2 Llcd 888 9 I 4 0 3  d 

I.obloiIy Sliortlerjl Plnc 9 4 1 3 7 2 a  771 6 145 5 ah 

M,lpie-Uccctr-8irc.t) wj.! 253 "4 1 e 0,1? 8 104 7 c 

Oak-Gurn.Cypress 16 751 1 17 6 e 912 4 154 6 d 

Wti~lc-Red-.!;ick Pine 18; 225 .I 66 7 cd 8 0 5 0  1 0 4 2 b  

' Mear"i n the same co'umil fo owi.0 hy ' P o  simi-. Irt'cr a rc  no' SIRIII'IL;II~~ sgn~f icant iy  ij:ttarenI ( 11  - 0 C5)  
with A I I O V A  3r.d T u k r y  P.!vN ',p :orirp.sris,ri : i . i l  



ncnt to estinlatcs oht;iiilcd froin ecoiogic;~l proccqs nlodels ant) esti- 
nixites fo\tntl in the litei-;~tk~re. 

Evaluatiou of Cr.iteriorl 5 is straiyhtti)~-i*l;trd ~isirlg biomass and car- 
bon c\t~rnate.; (131rclcey et at . .  1993; Smith ct ai. ,  2003). I:sti~natec for 
sornc c o r n p o n e ~ ~ t s  may he derived Srorrr inventory rl)easurentei1ts of 
trees on FIA plotc, while cstimil~cs for  coil biom:iss and carbon and 
other nun-inventorirtf ccirt1j)oitents are typically derived iroin modelc 
b;tsecI on cl:~ta from other ftrrcjt ccosystenl studies (Birdsey 1002). Re- 
sults [nay be evaltratetl by type anci age to gauge the contribution of for- 
c \ t s  tu the overall carbon btitipet. 

,bfefhori.r-Hio11>3ss and EPP were r s t in~a ted  for <even Mid-Atlantic 
stiites (Figure 1 )  usillg ti:~t;t for FIA plots satisfying four criteria: first, 
the plots had been measured at lerist twice: second, thcrc wa\  little or no 
evidence of tire, insect or disease damtgt.. or harvest between the two 
mo\t recent plot rne,t\urcrncnt\, third, the stnnd\ In vvh~ch the plots were 
Iocnted did 11ot origln,ite from pl,inting or  5eetiinz. and tourth, forc\t 
c . ~ i ~ o p t c \  o n  the plot\ u c r e  J c ~ l e n ~ ~ r e c f  ,i\ ~ i u i e c l  on t l ~  l ) , ~ \ i \  ol p l o ~  
b;rl;il areas being ;it leiist 20 rn2!t1a. T'hc analyses were restricted to natii- 
r,tlly regenz~,~t t .d  \t.\rrdi I ) L . L ~ I U \ C  j)Ic~r~tc~d \f,tnd\ dre r'trt' 111 the regloll 
2nd were restricted to c lowd i.anop> st'indi becau\e the eftrrnatec will 
rcj~resent the p roduc t r~  ity of I I ' I ~ I ~ I  ,ill\ regcrleratect \(,inti\ w ~ t t l  11o m q o r  
recent disturbitnce sntl will provicie it haselinc for evaluating stancis 
\ b i t 1 1  viirying level\ of i>>;i~ragenlcnt. I~ai-vcxt, aricl other. clistul-harlcc. Jn- 
tliviclual trec ivood bic!llra\s c~tiin;itcs were obtained fro111 allornetric 
nlvcicis (Whai-ton ;mtl (i i ifi ' i~l),  1993) describing the relationship he- 
~ \ + * L ' ~ I I  ; i b ~ v e - g ~ - o ~ ~ ~ ~ d  11-CC: b io~i ia\ \  :111ci tree d~arricter ;it brca\t height 
( 1.37 rn above grotlnd). I!stiiii;irc\ of'SoIi;~gc and root b~ornas i  were ub- 
t:iinctl using ratlo\ bir\r:d on ailoinc~ric rnodcls (Jcnkins et ; ) I .  2001 ). 'l'ot;rl 
l r t e  bionl:i\s u,;15 t~tirr~;ltcci h y  ;itfcling cstirnatcs t o r  all tree cornponeilts. 
iind plot-level biorri;ihs i i r  Irce\ u;i\ e \ ~ I ~ r ~ a l e c i  by ndeli~lg r s t i~na te \  for  : r l l  
[reef with dianicteri at Ilre;i\t ileight ti!' ;\I Ic:tst 5 cln. 

I -or  tile art)orcal co~- i lpo~jz~) t  of iol-c\ts, NPP ir>clutlc iot;~l wood 131-o- 

~ ~ ' 1 s  c \ t ~ ~ r ~ ~ t e d  '15 the di t f tLici l~e b c t u ~ ~ e r i  I)~t)nl;i\s e\trn~,ite\ tor e'lch t ~ e c  
frorn thc tv.0 mojt  Icccnt d ~ : ~ n ~ c t c r  rrle,%\urcrnents i"\nu,il llttcrt;~ll per 
1 1 1 i i t  are;) w;i\ ~j t i i l l :~tcd by forc{t type u \ i i~g  (1;it;i frorn a continen- 
t;il-\i.:iir: iitterl'ali d ; i t ; i h ; ~ ~  ( E . i l .  bloll;irrtf, i.irtiver\ity of C'olorado, prr- 
ror):ri cornn~rir~ic:ttictn). f:in;tlly. f ~ n e  rctot pi-otiuction wa\ cstim:itetf 
t111d~r the as\uinptiort th:tt beluw-ground litter ~ q u ; i l s  above-gl-o~rncl l i t -  
tcr (f2;licft ;inti N;i<lcli\of'fkr. IC'SO: i);rvitl~or~ ct al., 3002). 



-I0 l0111?.~,~\ 1 o r -  ,S[,',Y7.,,\ I \'!I 01.E F-~~i?E,s'r/~ Y 

Ecoiogrc,il tnoitel-b,iwd e\tlln,itc\ of  hiorna55 and Nl'P were vb- 
tL~rneci from the V E M A P  11iojt" t (Schrrnel et '11 . 2000)  usrng Century 
(i',trton ct a1 , 1903), 13tctrnc-Ii(i(' (tittllt n r~d  litinning. 1992). 2nd I I-hl 
(12,irch et a1 . 1991: McGurre et a1 . 1097) Necauw e c o l o ~ i c a l  model\ 
are typ~cal ly pararneterzreti sp:~tially. procec,? model pretho~ron\ arc ot- 
ten repre\ented u\rnp \p,~Ir,rl grril cell\ of urlrforrii c,r/c For tllli {tudy. 
f-[A-ha\ed ect~rn:iles of NI'I'nritf hrornasc per unrt area were calcul,rtct1 
for each 0 5 'r 0 5 t l tgree srrd cell (,ipproxtrn'~teIq 240.000 h,t) by a \e r -  
,iginz d,ita tor FIA plotc wrth cerltorc tri the cell 'The precision ot thc 
bioma\s and NPP e\trm,ite\ u e r c  calculated for eacti cell ;tiid u e r e  
fount! to cxhtblt cons~t le r~ ib lc  5patr;ll var-iatron becat lx the niirnbers of 
FIA plots per cell ranged from one to 40 plot\ 

1 he I-lA-b;i\ed brvrna\\ ,tnd KI'P e\lirn;lte\ were coriip,~red by tor- 
e5t-type gmup and b e r e  comp;ired to rnodcl-ba\ctl anti publirticd esti- 
mates I he l-1,4-hnjed e\trrn,ite\ pro\ tde a memu of exarnrrun~ senqrtrvity 
to rriotlcletl p,tr,linctcr\ ,irttl for r\trrri,ttlng upper ,111d louer  horlnd< for 
rnodcl-b,i\ed cst~rn,tle\ 

Kc,cirlir F\/laxrrnutn current tore\[ hrornar\ e\trm,ite\. ~ n c l t ~ d ~ n g  ,ibo\e- 
,~nt l  below y o u n d  iorliporlenti, r '~r~yeti frorn 157 l;lg/ti.~ lor the loblollq- 
\hortlent prne forc\r-t) pc $1 o u p  to 20 1 " 4 g l h d  tor the oak-glim-cypre\\ 
torest-type group /\ver,~ge ~ u r r c r ~ t  b ~ c ) n u \ s  cstrm,ite\ were 248 h lgha  
tor clecrtfrio~ts forc\t tj11c g r o u p  ,211~1 200 hlglha for conr te~uus  for- 
est-type srotipc ( Fahit. I ) Bromas\ estrm'ttm by gn(l  ~ c l l  ranged rnore 
wrdcly fro111 101 10 126 k l g / h ~ .  prirnarrly dtlo to cnr rab t l~~y  111 ~ ~ l m p l e  
\i ,ei Mc,trl N1'P estlrn,ite< I .iri~)ed tron? 7 2 0  g/h.~/jr tor the spruce-Err 
fo re \{  type groiip to 042 gil),il)r for the o ~ l - g u r n - ~ ~ p r e ~ \  forest type 
group Grid cell estirn'ltc< of mean NPP r,inged from 1 ,  062 to 1, 858 gl 
rn21yr K o  cle'lr \piitrIil ~ ' I ~ I C ' I I I ~  W C I ~  e ~ ~ d e n t ,  L i \ ~ d e  f ~ o r n  higher esti- 
rntite\ for 1ire11\ U I I ~  ( ~ C I I W I  tii1111.111 J ) O ~ > L I ~ , I ~ I O I ~ \  ;111if r e l n t ~ ~ e l y  \rn.tIl 
\,lmpie sr/c\ 

i-liZ-bci\cti brorrl:is\ ,lnd Nt'l-' e\rrrn:rte\ u e r e  cnnirjtent w ~ t h  pub- 
It<l-ieci \,tluc\ tor plot lC\cl  \ru(lic\ coi>tlticteti In thrs rcgion t l e \p t~e  Itre 
irn<rll-\c,ilc \ , t r i , tb r l~ t~  rrrhcrcrit 111 ii,rrur~il \y{tern\ ('ornp.lrr\oni of ejti-  
rn'ttc\ t le~ciopet i  tiom TI.2 d,tt,~ <lri(I 110111 proces\ models \ugge\t rh,~t 
the I,trrcr represerit tor('\[ ~ ' r o d ~ i i t i o ~ l  111 cIo\ed c,ir)ol)y \ t , l r l ( l \  t,trrly ac 
cor'lrcly, hut r h ~ t  the) ma\  he oier-c\tlrnatlng fortst h~orn'i\\ \tctck\ 
Century NPP e\trln'llci N ~ I C  7 IIcrLcrIt 1o\\er than i I f \ - h ~ j e d  c ~ t r r ~ i ~ t c \ .  
~ h ~ l c  t31orlle-t3(iC NI'P rcrrrn'ttes u crc 13 percerit hrghcr ,irrtl I FLI e \ -  
ttrn'tte\ were 17 prrceilt t1tgtlc.r ~ l l ~ r n  I-lt\-h;i\ed NPl' c\tlrn,llc\ F~na l lq ,  
tnt'tl hiorndss c'lrborl i.srrrn'rtc\ oht ' i~r~etl Irurn Century, firornc-E3(;C, 
.irrtl If kt .l\erctgctl I pe r~e i l t  302 perceiit. arrti 61 percertt higher, rc- 



sptxtively, than 1-IA-baiecf estiinates. Over-estirn;ttes Lire particularly 
acute for- ~l~otir:ls that tlo not a c c o i ~ l ~ t  for [tic effects of ht1111itn ~x~;~riisge- 
rrtent. ' 

Coticlic.sion.r hloirtrcal Process Criteria 2 and 5, hif:tii~tcn:incc of pro- 
ductive capacity of' forest ecosystem\ and Mninten:rnce of f\)scst contri- 
bution to glohal carbon cycles, I-espectively. n u y  be assecietl using 
trends i n  F12%-b:~sed estimates of current biori~acs per unit area ;ind NPP. 
111 additlnn to tlrcir ~ n l u e  for cleveloping large-scale carbun butlgcts, 
tllcce cstii1r;i1os rliay 1 7 ~  corl~j);i~-ed 11) bt0111ii~\ ;111(1 NYY cslirnates ob- 
tairicd t'rorn ecological process models and to estirnates reported in the 
literature. I'in;illy, the I'ocus of Criteria 2 and 5 is on ntaintenance and 
require baseline estirn;ltes for  comparative purposes; ltle results of tlrcse 
anaiyces provide thobe baseline estimates. For NPP, collection of new 
data frort~ contirt~ted ~~iorritoi-ing i s  ~>eeticil as  are new rnodels for corn- 
pleted aj)plici~tion to all iorest cover types antl maliagerrtent regirr~es. 
Glob;ll citrbon r t ~ e a r c h  continues t o  expanti anti iinprove ir ith respect 
to accounting for all &)I-est cai-hoir components, while global carbon 
!'lux i i  increasingly ~ i s e d  to lrleasule :lnd evitluate the pottrrtial impacts 
<if cliirl;ite chirrlge (Joyce 2nd l3iritsey, 3,000). 

Tree Species IXversity in the Cerzfral I;lur(fx~ood.s Region 

Introtlrrc~tion h~I\:lontre;~l Procc\s Criterion I ,  C'o~lscr.\ation othiologi-  
ca1 d~versi ty ,  expi-eqsei \pccic.; di\,crsity in tci.rils of nurnt)crs of forest 
tlcpeirtfelrt specie\. Spcciss I-ichness, ciefirreii :I\ the 13rilnhci. of sl,ecics 

sis of tied ~ p c c l t '  r ichri~ss  W I I I C I I  \ V i \ \  estiitra~cd us11ig couilts of trce 
sj)ccics observed on 1:IA plots &)I. ciecidnous t'ore\ts 111 S o ~ ~ t l l e r n  Indi- 
itna. Sotlthei-11 X1ichig:tn. ~ i n ~ 1  Soi1therr1 h.lirti~ccot:r (f'igurc I ) .  'l'hcsc 
ttrl-t.e ;1SC35 r e j ) ~ - e ~ e ~ i t  the C C I ~ I I . ; ~ ~ .  iiorthcrn, ;inti nol-th\vf\tci-ir rartgt!\ of 
tI1c ( ~ ~ l l t r - ~ l l  1i;ll~Ll~~ 0 0 c I \  rcyi011 0l~t11e ~:rlllclj  st;ltc~s. 

'\fcthodi l . l ; l  liclil cr-cws ohservc : ~ n d  r e c o ~ d  itii11d ~ I \ I L I I  t1:incc 131,- 

tory for :ill plot< i~sing cictssc.; rh;lt inciucle ~ r o  diitur hance. n;lttir;il d i \ -  
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for FIiI plots. Fir51, the ineiins of numbers of 5pecies for cfi\tr~rbed ;111tl 
trndist~rrhecl plots it1 the prevlous inventory were comparccl to thc Incan 
nurnber of spccics for  ~iiitfi\turhed plots in ttle sccoirti previous iilveir- 
tory using a ititntlard t-test. Second. f ix  plots mcasurcd in both irivento- 
ries, 1inc;lr regresjion inodel\ of the relationships between changc in 
riumhers of spcclcs per plot between inventories vcr-sus nuinher of spe- 
cies ; ~ t  the second j~rev io~rs  iriven(ory were separately coii\tructed for  
plots undicturbetl 2nd disturbed at the seconct pr.evious inventor-y. 

Results-'I'hrce resrrlts of these analyses are noted. 1-irst, statistically 
significant incre;iscs in mean nuinhers of tree species per plot were ob-  
served for plots untfisturbed at the hecon0 previous inventory. regard- 
less of whether they were uridisttirbed or tlisturbed at the previous 
inventory (Table 2) .  Second. larger mean n i~mbers  of tree species per 
plctt were observed in the central pol-tioris (Indiana) o f the  Central H x d -  
woods rcgioii with tree species richness generally increasing f r o n ~  north 
to south and from u ~ s t  lo east.  'l'hird, for plots dominated by sugar inn- 
ple in hlichigarr ;rlitl hli~tnesota, the fewer the nuinhcr5 o1'sj)ccic.i at !lie 
sccon(l previotrs inventory, the greater the preclicted change in the num- 
ber of species between inventories (Figtire 6) .  For tiisturbetl plots and 
for tindisturhzd plots ~ b i t h  cin;~ll nur-irhrrs of .;pecics ut thr last rnven- 
tory, the predicted chztnge was positive: i.e., there were mol-e specie< :tt 
the pl-evious inventory than ;rt  the second previous iilvcritor-y. 

C'otrc~1u.sior1.s From a n  ccolugic~il pcrspccri\,c, tlicsc rcst~its suggest 
that (Iis(urb;tncc contribute\ to an incica\t% ir r  the numhcr ot'hpccies, rc- 
g;irdli:ss of the 1)1-c-~listiilba1ic.2 nurulxr of jpccies. I'urthtr, for sugar 

TABLE 2 Mean number of tree species per plot 

Slate 1rivc;rlory per~od :;ti?nd h~story Number of 0101~ hAfar nbmber 01 S ~ P C I ~ S  

lntl~ana 1965 Undlstlirbed 200 $1 41 
1 ii:>8 tiridistorhfd 132 1 1  24. 
1998 ll~sturbed 68 11 10 '  

- - - - - - - - - - . - - - - - - . - .. - - - - - - - - - - - . - - - . . .. - - - . - . - - - - - - - - - 
Mt~lrtg,rri 1960 Ur-J~slurbed 316 108 

1993 ilndlstc~rbcd 285 7 12' 
1903 IJisturbed 61 7 OR' 

~. 

Miiinc:sota 1977 Ucdtslurbed 622 4 5 1  
1 :):XI Und~s l~~rbed  301 5 01' 
1990 D~sturbed 310 5 4.1' 

'Sta!istco"j. ;i~~rirfc:r..'ly iixt'rrrn! ,it 0 01) than m e a n  ni,rr!bei ol spilc,i%; P ilrd~srurhod .:r;ir7ds at pievl 
ous w i n t o r y  



FIGURE 6. Change In number of species for Minnesota and Mlchtgan sugar 
maple plots. 

* Undistbrbed observed ...... Undisturbed pred~ctcd 
Disturbed observed - Disturbed oredicted 

3 4 5 6 i 8 9 10 

Initial n~,rnber ol s[)c?cius 

~ ~ l ; l p l c  t1o1111n;itctl plot\ i n  L l ich~g:~n  ail(! k'tirrtie\r~t;l, ;I \ub\tantial por- 
tion of'tltc resource in thew states. both ur~tlisi~t~-l)etI ;inti tfistul-bed plots 
\i ~ t h  I'CW \ ~ C L C ~ C C  t ~ 1 1 i l ' t J  to g;lin ~ J I C C I C ' ~  ~ C ~ I \ . C C I I  inventories, wtlile un- 
distt~rbed plots with 1;lrgc numbers of  cpcciec te~itlctl lo l o w  cpecilz\. 
ficologic;iil\;, the I ~ ~ t t e r  resr~lt may be ~ J L I C  to sus;lr maple's shade tolel-- 
m c e  \vhicti pc1.11iit~ i l  1 0  reproduce I I ~ I C ~ C I -  ;I va~.ilzty 01' ro1-est corlditions. 
Ll:ittl  I.e<pc.c.t to h?ontre;il I'rocess Cr~tei-ion 1 ,  rhcac r e ~ r ~ l t s  intficiite th:it 



i l l  ;1l1 three \ttidy areas there has been ;I net increase in tree species dive].- 
city arid that cfisturbance tends to contribt~tc to an increase r:ithcr tharr a 
decrease in tree species diversity or1 a per- unit foresteti itrea basis. IIOLY- 
ever, [.or- tlr~cli\turt)cd :ireas dorii~nated by shilclk tolerant species silctl as  
jug;l~- maple. trce species diversity may dccl-tax. 

1):tta cvllectcti by the FlA progr:lm ctf the Urlited States Forest Ser- 
vice is well suited for large scale environrnc~ltal and ecological ;~n ;~ lyses  
such a s  those based on the Montreal Process Criteria. The FIA program 
featurcs national consistency in cruci:ll arcas such as plot configuration, 
s:irnpling ilesigr~, core variables, rncasiirerrleilt protocols, and user ac- 
cess to data. The  ut i l~ty and rele\tance of FIA data for klontreal Process 
assessrnents were illustrateti through three analyses: ( I) assessments of 
Criteria 1 ;rrid 5 trsing FlA core progr;lln estirr1:ttes of forest area anti 
grow,ing \tack \.oltrrne in the Southen) region, ( 2 )  assessments ot 'Cnte- 
ria 3 and 5 using biomass and net primary protlrictivity for the Mid-At- 
Ii~ntic region. i~tltl (3) a n  assessmerit of  Criterion 1 for the Centr:~l 
Flartfwoocls rcgiotl using trce species counts on FIA plots as  a measure 
of tree specie\ richness. For the Southern I-egion, the conclusions :ire 
that ttlc Surest 1:tnd base is stithle, growing stock volume is increasins, 
but 11:1rut-;11 pinc a s  a forest ni:~nagcnlerit type is being rcpluced by plan- 
tiition pine. In the Mid-Atlantic region. baseline NPP and biomass have 
heen estirll;t~ctl so titat with new ti;ita Iron] contirlued monitoring, trcr~ti 
estiitlatcs n ~ a y  ;iIso be obtained. In thc (:entrill IIardwoods region, the 
cortcIu!,ions ; I I C  thitt 11-re species ricllne\\ ~nc~-eil\t .s fi oln nor.tll to so~1111 
;lntl iruni west to east. that SPCCICS rtchness 1s yener:illy stable o r  in- 
creasing. but t i ] ; ~ ~  in undisturbed \ite\ tlo~ninatcil by shatle tolerant s ix -  
cics such as  utyar 111aple. trce species I-tchtlcss may b t  tlccre:t\ing. The 
FIi4 pro;rritl1r is [lie ctnly courcc of tfnr:r wlrh the coitsi<ti:ncy, coverage, 
a n d  c o t ~ ~ p l e t c n c ~ \ s  for the.;e kinds of'a.;\e\slnent\. 



rt.r tlyn;irnic\ for rhc gt-;is\iarit! blorne ~vorlclwitlc (;/oh01 Hi(i,qenc.hc~t~rtcc~/ ( ' vc lc~  7, 
7135 809 

K;ilch. J. W., E.B. Kastettet.. J ,LI hleliilo. D i\'. K~ckl~g t~re r .  P.A.  Ste~icller. L I I I ~  13 J 
t'ctcr\oii 109 1 .  Porcnti;il nct pr.irii;cry pioducttviiy in S o ~ i t t ~  Arrrcrlc;~. :tppl~cat~on of 
;I gloh;~l nioticl. Ecologic-crl ,lp/)ltrtlti,,rrr 1 ,  309 ,129. 

R;~ich. J .W ;inti K 1 N;itlelholfct- 14)X0 Delou.gri)ut~tl c;irht>~i ;i!loc;~rlon In Sore\[ cco- 
\y\rerri\: g1ob:il trend\. Et olo ty  70( j ) .  1346- 1351. 

Krport of ilic t!ti~tcd S13te\ OII  [he criicrt:i ; i r i ( I  ~ ~ i d i i a i u r \  lor [tic \ i i~ t ;~~ t i :~hIc  ti1;in;igc- 
rilcrlt of tetnpcr:ilc ;ind hirr;il forrsr\. 1997. i2v;iil;thle ;I[. tirip./l\irw\t t\ Setf u.;/ 
;I~b;il/pub/ltnk\/rcport/cnntJt 11tr11 

Scht~ncl. 13 . J .  X3clillo, I I .  T I ; I ~ .  A .  XlcGuirc. I). Kickltghrcr, T. Kiircl. N. Ko\cnbloon1, 
S .  Runntnr. P Thornton. D 0j11na.  W. S'nnon, 11 Kelly, A1 Sykc\. K. Nctl\oo, :inti 
I3 Ki77o 2000 C:~nri tbui~on o r  incre.i\~ng TO, ;~nd  clirn;trr to c;trhon \tor;ijic ti? 
zco\y\lelil\ I r i  [he Unitctl Sr:ties. . ) . L ~ c I ~ ( . ( ,  287. 200.1-2006. 

Sclin-iltft, T.L. 1990 Cornparing potential u ~ t h  rcill17ed pr~tIuctt\ ity (I~vcIoping ;I 

m,!nagclncnt strategy In. Ek, A .  (Ed ) Iniprovtng Lorcst producitvity for r~rnber. a 
key 10 wsra~i~~ibt l i ry I'i~oct.etliiig\ of ;I \yliljnJ\titm; 1)rcenii~er 1-3, I098, 1)ulurh. 
MN. Sr P;iul, &IN Ur1tvCr\ity ot hl~tinc\ola. Pp. 39-56 

Srnill~. .I E . L S tfenrh, anti J.C Jcnktn\ 2 0 0 i  t'orcu volitti~e-to I,iotl1a\\ n~oticl\ sntl 
r\trlrt;i!r\ of rria\\ ;~ntl \t;intftr~g ilc:itl tr-cc\ of I1.S. forest\. Genet-;tl Techn~c;il Report 
N E  298. Nc\vronti Sq~larc. PA. Li S .  i!ep;~rrrner~t of Agricultr:rc. Fore\[ Scrv~ce.  
N~~ii l~e; i \ rcrn Ke\earcti St:trion. 57 11. 

2002 Fli2 National Infori~~arton ?I,in;~jie~ilenr Sq\terr1 (1'1I\-NILIS) rlrveiopi~iet~t \ir;ir- 
egy 0 1 1  tile 111 NIEYlS De\elop~netit teatri 1.1.)111\ N o I ~ \  IC;IJTI ri)oilt Uiipiibli\t~ed. 

ti S i ?cpan l~~enr  ot Agriculture. Ft-rrc,~ Scrvlcc (LJSOA-FS) 2000 I)cvelopii~cnt 1c;irn 
tlr;ilt \ I<ion st;~terneni On file in NIhlS tlcvi,lopniznt tc:irn I.oru\ Nore\ iCnm rooin 
~Jr~p~:t~l t \ I ic t l  

( 1  S l<ri\~~cirititeritsl F'r~.)rcci~oi~ Agctrcy (US tfPt2). 1997. En\ironlucntal and A\\cs\ 
nxnt  Il1onitorcn:z f'rogmni (EhIAI') lic\carcl~ Sriarcg) ES'~2/020il~-OSifJ01. I.in~tcil 
S~. i te \  I:t~viroo~nciii;il f'~ort.ctrori ;\geiii\.. Ollicc of lic~c;trch '!nil I)c\elt)p~ricr~r, 
'A'asliingtoti. LIC. 

V~\ \agc ,  I S . .  I' I). Miles, \Y D. Shcp;irtl, i) Ft.rgii\on, I).hl. hl ;~y.  K.1' ~ ~ l i ~ K o b c r r \ ,  
;inti G . ( .  L.tLne\. in icview i2 n~t~rlioti to ~ri:ircg~c;tlly a > \ e \  j~ ) ic t i r~ ;~ l  Sort,\[ luel re- 
~ ~ I L I I O I ~  [~ -e : l t~~ t t .~ i t \  I I I  1 1 1 ~  I \ ' L ~ \ ~ ~ I I ~  L ' I I I I ~ ~  S I ~ I I ~ \  \\'i,.>1ct11 ,1111irt~oI (!/ / ~ / I ~ / I v O  f-~t t  
c',rr).. 

\ teal-,  l3.V . ; I I I { I  I.(;. G I - P I ~ ,  I . ( ; .  2 0 0 2 .  Siit111ic.111 I-t)rc\t J < c \ o ~ ~ r ~ e  .1\\~.\\111crit S u r i ~ ~  
trl.ii-y R L , ~ ~ I I ~ .  G~,ncr;il Tcctinic;il Kcpc$n SIiS (;'F11-53 Ash?\ illc.. NC' l l  S IJcpsrr 
rrti-nt of :\!~tit:i~lti~rc, I-orot S i ' r v ~ c ~ ,  501111t~~i1i l?i.\c:~icl~ Sr:iriori 

\ \ I I , I ~ I O I I .  1.. . t i . .  :~ricl 1 )  k l . C i r ~ l l ~ t l ~ .  IVO3 \lc~hi!<l, to csiii~i;~rc rot:tI l t ! i < ~ \ t  L > I ( J I I ~ . ! \ \  I < I I  
e \ ~ e r i \ ~ \ i '  tori'\[ i~ i \ r r i to r t t \~  ; I / ~ / ~ ~ I C , I ~ I ~ ~ I \  181 ilic r ~ o ~ i l ~ e . ~ \ t e r i ~  1: 5 .  He\c;ri~tr t ' ;~i i~r  
S i r -68  I K;i~iiit~r. PA. IJ S f)e~);~r~~iicr i t  of A;rricnlri~r.c. Forchi S e r v i c ~ .  Sorlhc:4\1 


